Background: The inferior alveolar nerve block (IANB) is the most common anesthetic techniques in dentistry; however, its success rate is low. The purpose of this study was to determine the correlation between IANB failure and mandibular skeletal characteristics Methods: In total, 693 cases of lower third molar extraction (n = 575 patients) were examined in this study. The ratio of the condylar and coronoid distances from the mandibular foramen (condyle-coronoid ratio [CC ratio]) was calculated, and the mandibular skeleton was then classified as normal, retrognathic, or prognathic. The correlation between IANB failure and sex, treatment side, and the CC ratio was assessed. Results: The IANB failure rates for normal, retrognathic, and prognathic mandibles were 7.3%, 14.5%, and 9.5%, respectively, and the failure rate was highest among those with a CC ratio < 0.8 (severe retrognathic mandible). The failure rate was significantly higher in the retrognathic group than in normal group (P = 0.019), and there was no statistically significant difference between the other two groups. Conclusions: IANB failure could be attributable, in part, to the skeletal characteristics of the mandible. In addition, the failure rate was found to be significantly higher in the retrognathic group.
INTRODUCTION
The inferior alveolar nerve block (IANB) is one of the most common and important procedures in dentistry and has widespread applications in all fields of dentistry including oral surgery, endodontics, periodontics, and prosthodontics [1] . However, in practice, even with a standardized anesthetic technique, not all IANB procedures are successful. IANB failure rates have been reported as high as 29%-39% [2] [3] [4] , and clinical studies have reported failure rates of 44%-81% in mandibular posterior teeth with irreversible pulpitis [5] [6] [7] .
Some of the causes of IANB failure involve poor anesthetic techniques and anatomical variations such as differences in the ramus width and height, mandibular foramen position, musculature, and adipose tissue [3, [8] [9] [10] . Other potential explanations for IANB failure include a lowered pH of inflamed tissues, nerves with altered resting potentials, anesthetic-resistant sodium channels, and accessory innervations (mylohyoid nerve, cervical nerve, and auriculotemporal nerve) as well as the patient's anxiety level and factors related to the central core theory [6] [7] [8] 11, 12] .
A conventional IANB involves the injection of local anesthetic fluid into the pterygomandibular space where the inferior alveolar nerve enters the mandibular foramen [10] . Therefore, the access to the mandibular foramen is considered to be the most important factor for the success of the IANB, and many studies have been performed to evaluate the exact location of the mandibular foramen for successful IANB [13] [14] [15] [16] [17] . The location of the mandibu¬ lar foramen is primarily located at the anteroposterior midpoint and two-thirds of the the length of the medial surface of the ramus, The position changes in relation to the occlusal plane and age. For example, the position in children is lower while the position in older edentulous patients is higher [15, 18] .
The mandibular skeleton can be classified as retrognathic, prognathic, or normal [19] . In a three-dimensional (3-D) functional analysis of the mandible, Park et al. [20] found that the condyle and body length differed significantly among the three skeletal groups. This report revealed that the mean condyle length (distance from the mandibular foramen to the condyle tip) was significantly shorter in the retrognathic group and longer in the prognathic group when compared to that in the normal group. Conversely, the coronoid length (distance from the mandibular foramen to the coronoid tip) did not differ among the groups [20] . Since the position of the mandibular foramen, which is the reference point for an IANB, varies with the deviation of condylar length, and condylar length varies depending upon the mandibular growth pattern, it can be speculated that the mandibular characteristics are correlated with the success or failure of IANB. However, no previous research studies have reported on the contribution of skeletal characteristics to IANB success.
The purpose of this study was to examine the association between IANB failure and mandibular skeletal characteristics.
MATERIAL AND METHODS
This retrospective study was approved by the Insti- The mandibular skeletal characteristics were measured in duplicate by one dentist 7 days apart. The distance from the mandibular foramen to the condyle head (condylar distance) and that from the mandibular foramen to the tip of the coronoid process (coronoid distance) was measured using a dental picture archiving communication system. The condylar distance to coronoid distance (CC) ratio was then calculated (Fig. 1 ). Based on previous research, CC ratios of 1.07-1.22, < 1.07, and > 1.22 were classified as normal, retrognathic, and prognathic, respectively [20, 21] . The correlation between mandibular characteristics and the success of IANB was analyzed. 
RESULTS
Of the 693 cases of IANB evaluated, 626 cases were successful and 67 cases failed; the overall failure rate was, thus, 9.67%. The age of the patients did not differ significantly between those who experienced successful anesthesia (26.6 ± 9.9 years, mean ± SD) and those who did not (26.6 ± 8.8 years; P = 0.997), and there was no significant difference in the IANB failure rate between men (34/308, 11.0%) and women (33/386, 8.6%; P = 0.302). In addition, although there was no statistically significant difference, the right side appeared to be more prone to IANB failure than the left side (Table 1) .
Of the 693 cases, 274 had a CC ratio in the range of 1.07-1.22 (i.e., a normal mandible), 145 had a CC ratio < 1.07 (i.e., a retrognathic mandible), and 274 had a CC ratio > 1.22 (i.e., a prognathic mandible). The IANB failure rates for the normal, retrognathic, and prognathic mandible groups were 7.3%, 14.5%, and 9.5%, respectively (Table 2) , and the failure rate was highest in those with a CC ratio < 0.8 (Fig. 2) . The chi-square test showed that the failure rate was significantly higher in the retrognathic group than in the normal group (P = 0.019).
However, even though the failure rate of the prognathic group was found to be greater than that of normal group, there was no statistically significant difference between these two groups (P = 0.355). There was also no statisti- The mandibular foramen is an important anatomical landmark for the conventional IANB technique [13, 15] .
According to Moss' functional matrix theory, the mandibular foramen is considered the main reference point for expressing mandibular growth [20, 24] . The mandible has six functional growth units (the symphysis, body, dentoalveolar, angle, coronoid, and condyle) each of which is affected by the surrounding functional matrix.
In addition, the overall mandibular growth is the sum of the growth of each independent unit [24] [25] [26] . Moss also CC ratio range in Chang and Lee's study [21] . The IANB failure rate was 7.3% in the normal mandible group but was higher in both the retrognathic and prognathic group when compared to the normal group. The highest failure rate was found in the retrognathic mandible group and, within this group, the IANB failure rate was highest in cases with a CC ratio < 0.8. However, the failure rate among those with a more severe prognathic mandible, those with a CC ratio > 1.4, was lower than for those with a normal mandible.
In our study, the increase of IANB failure in those with and prognathic mandibles [20] . In another study using 3-dimensional computed tomography, the lateral ramal inclination (the angle of the gonion-condyle process to the midsagittal plane) was small in retrognathic patients [27] . Because both a larger ramal flaring angle and a smaller lateral ramal inclination indicate that mandible divergence is small, the risk of IANB failure may be larger in retrognathic mandibles.
In addition, the mouth opening of a retrognathic patient is small because the condyle is short. When the mouth opening is not adequate, the inferior alveolar nerve, which descends from above, is relaxed and away from the medial wall of the ramus. Consequently, the distance from the target area leads to inadequate anesthesia [2] .
Therefore, to increase the success rate of IANB in patients with retrognathic mandibles, the anesthetic solution should be injected at a higher point. Other anesthetic methods, such as the Gow-Gates and Akinosi techniques, which are not correlated with the location of the mandibular foramen, could also be used.
However, in a prognathic mandible, the anesthetic agents are likely to be infused superior to the mandibular foramen since it is positioned lower than in the normal mandible as a result of the long condylar length. In addition, the mouth opening is larger in those with a more severe prognathic mandible, which facilitates access to the anatomical structures and, thus, is likely to reduce the failure rate. For example, Keros et al. found that the position of the mandibular foramen was lower in patients with successful anesthesia than in patients with unsuccessful anesthesia [28] supporting this hypothesis.
Our study has some limitations. First, the IANB was performed by 24 different residents, not by one practitioner. This does not meet the requirements of a control study; however, it can be interpreted as randomizing the procedure to be performed by many different general dentists, which would increase the study strength. Second, our study did not examine the position of the mandibular foramen. Therefore, further studies are needed to assess the correlation between mandibular skeletal characteristics and the vertical position of the mandibular foramen.
The results of the present study suggest that dental professionals may be able to predict the difficulty of an IANB before implementation by calculating the CC ratio of an individual patient. Taking into consideration the skeletal characteristics of patients may also increase the rates of successful and safe IANBs.
CONCLUSION
The failure of IANBs may be attributable, in part, to the mandibular skeletal characteristics of a patient.
Calculation of the CC ratio and interpretation of the mandibular skeletal characteristics could help increase the success rate of IANBs.
